The possibility of retrieving size distribution of aerosol particles in the stratosphere by measuring the extinction of solar radiation traversing the aerosol medium at two different wavelengths is explored in this work.
Introduction
Aerosol particles in the lower stratosphere received greater attention in recent years because research results have shown that they may play an important role in our complex environment. These particles may directly influence the heat budget of the atmosphere by absorbing, scattering, and emitting radiations depending on their optical properties. 1 They may also indirectly influence the concentration of minor constituents in the atmosphere by changing the intensity of radiations available for production or destruction of ozone and other minor chemical species. 2 3 The introduction of large amounts of gases and aerosols into the stratosphere by volcanic eruption and the diffusion of chemical species into the stratosphere due to mankind's increasing activities will certainly affect the properties of these aerosols. In past years both in situ and remote-sensing methods were used to obtain information about the optical and chemical properties of aerosol particles and their variation in space and time. In situ methods include balloon-borne particle counters, 4 quartz-crystal mlcrobalance impactor, 5 filter impactor, 6 wire impactor, 7 and laser nephelometer. 8 Remote-sensing methods include solar aureole almucantar, 9 lidar measurements, 1 0 and satellite. 11 All these techniques (except for the airborne systems and satellite) give only a localized picture of the stratospheric aerosols for a relatively short interval of time. To monitor the stratospheric aerosols in a global and near-continuous base, two satellite experiments were started, and one of them is still in continuous operation. The first one is the The SAM II instruments are essentially sun photometers designed to measure the extinction of solar radiation at 1.0-pim wavelength during each sunrise and sunset event encountered by the satellite as it orbits the earth. Since the extinction of solar radiation by aerosol particles is a function of several parameters including 
number concentration, shape of the aerosol size distribution, and refractive index of the aerosol particle, and these parameters will vary with time and space, only limited information about the optical properties of -stratospheric aerosols can be extracted from the extinction of solar radiation by these particles at a single wavelength. However, the SAGE instrument has four radiometric channels centered at 1.0-, 0.6-, 0.45-, and 0.385-gm wavelengths. The extinction of solar radiation by aerosols at two wavelengths, 1.0 and 0.45 gim, can be obtained by the inversion method discussed in detail by Chu and McCormick. 1 2 The purpose of this paper is to explore the possibility of retrieving aerosol size distribution from the extinction of solar radiation traversing the aerosol medium at those two wavelengths.
Results of parametric study of the effects of aerosol size distribution and composition on the extinction of solar radiation at 0.45-and 1.0-,um wavelengths are presented and discussed. Based on the results of this parametric study, a method of retrieving the size distribution of aerosol particles in the stratosphere is proposed. Furthermore, the influence of the excess of large particles in the 1-gm radius region measured by Hofmann and Rosen 1 3 on the proposed method is discussed.
II. Model Assumptions
It has been shown that aerosol size distribution data can be represented by suitable analytic models. 1 4 Recently, Russell et al. 15 used nine different analytical types of size distribution for stratospheric aerosols in their optical model. Since these analytical expressions include most of the aerosol models used by different investigators and are based on experimental results, we adopted these models in this study. A summary of these models including the recommended values of the fixed parameters is listed in Table I . So that the constant A equals particles/cc in the formula for lognormal size distribution listed in Table I , this formula is slightly different from that used by Russell et a1 5 Among these aerosol size distribution analytic models, the lognormal expression is probably the most popular one used for background stratospheric aerosol studies. It should be noted that, in each analytical expression, there are two unknowns, namely, the constant A, which determines the number concentration of aerosol particles, and the variable parameter, which determines the mode radius of the aerosol size distribution. To eliminate one un- 
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A I~~~~~~ ~~~~~~~~O- (1 wavelength X, size parameter x = (2irr)/X, where r is the radius of the particle assumed to be spherical, and refractive index m, which in turn is also a function of wavelength X and composition of the aerosol particle.
It is obvious that R is independent of the value A but in general depends on the variable parameter in the aerosol size distribution expression n(r), the values of r 1 and r 2 , and the composition of the aerosol particles which determines the value of m.
It is generally accepted that the stratospheric aerosol particles are primarily composed of sulfuric acid and water, with -75% by weight of H 2 SO 4 in the aerosol. 1 6 A recent paper by Turco et al. 17 has reviewed the controversy of whether ammonium sulfate is present in stratospheric aerosols. They concluded that only small quantities of ammonium ions may be present. In this parametric study we consider three different compositions of stratospheric aerosols, namely, pure sulfuricacid aerosols with weight percentages of H 2 SO 4 in the aerosols being 50, 75, and 84.5%. The weight percentages of 50, 75, and 84.5% are chosen because their refractive indices for different wavelengths at 300 K are given by Palmer and Williams. 1 8 The refractive indices at a stratospheric temperature of 220 K are obtained by applying the Lorentz-Lorenz formula. 1 9 The values of refractive indices used in this study are listed in Table   II . Values shown in Table II are for the real part of the refractive index only; since the imaginary parts of all the refractive indices are _10-6 or less, we assume the imaginary part of the refractive indices is zero in our calculations.
The lower and upper limits in the radii of the aerosol particle, r 1 and r 2 , are chosen to be 0.1 and 1.0 gm, respectively. However, calculations are repeated using (rl,r 2 ) values of (0.01 gim, 1.0 gm) and (0.1 ,gm, 3.0 gm), respectively so that the effect of the uncertainties of r 1 and r 2 on the values of R can be elucidated.
Ill. Discussions of the Calculated Results
The values of R as a function of the variable parameter for four types of aerosol composition and different values of r 1 and r 2 are shown in Figs. 1(a)-(i) . Different figures correspond to different expressions of n(r). In each figure solid curves are obtained by using r 1 = 0.1 gim, r 2 = 1.0 gim; dotted curves are obtained by using r = 0.01 gim, r 2 = 1.0 gim; dashed curves are obtained by using r 1 From the plotted curves shown in these figures it can be seen that R, the ratio of aerosol extinction coefficients at two wavelengths, is a monotonic function of the variable parameter. Furthermore, R is quite sensitive to the variable parameter when R is much larger than 1. Consequently, the experimental value R can be utilized to estimate the aerosol size parameter from the plotted curves.
Except in the case of truncated power law as shown in Fig. 1(c) , the value R is in general not very sensitive to the composition of aerosol particles, particularly when the weight percentages of H 2 SO 4 in the aerosol is -75%. As a result, the value of the variable parameter in the expression of aerosol size distribution can be determined even if we do not know the exact composition of aerosol particles. 
To illustrate the proposed technique let us consider an example with measured results ol = 1.1 X 10-4 km-l and r0.45 =4.4 X 10-4 km- 1 . In this case, R = 4.0.
If we assume a background stratospheric aerosol with a lognormal size distribution, the mode radius rg can easily be determined to be -0.062 gm from the solid curve in Fig. 1(a) . The expected extinction coefficient with A = 1 is then determined from the curve with triangle symbols in the same figure. This value turns out to be -1.1 X 10-5 km-. The ratio between the measured value 0 1.0 and this expected value is 10. Since the constant A for the lognormal size distribution equals the aerosol number concentration, we conclude that the stratospheric aerosols producing the measured results have a number concentration of 10 particles/cm 3 .
Since the extinction profiles at X = 1.0 and 0.45 gim can be retrieved to 10% accuracy between 13 and 24 km extended over the full altitude range of the stratospheric aerosol layer, 12 let us assume that the uncertainty in R is 10%. The mode radii for R = 4.4 and 3.6 are 0.055 and 0.07 gim, respectively. Consequently, the expected error of the mode radius determined from the SAGE result is -13%.
On the other hand, if we assume the measurement was obtained after volcanic eruption, we may decide to choose the ZOLD-2 aerosol size distribution listed as model 5 in Table I . The variable parameter r is then determined to be 0.055 gm in Fig. 1(e) . The expected extinction coefficient with A = 1 is determined to be 1.6
x 10-6 km-' from the same figure. The value of constant A in the ZOLD-2 expression is then calculated to be -70.
IV. Concluding Remarks
The variations of the value R the ratio of extinctions of solar radiation at wavelengths X = 0.45 gm and X = 1.0 gim with the variable parameter for different compositions, and the lower and upper limits of the aerosol radii under consideration for nine commonly used types of aerosol size distribution are presented graphically in Figs. 1(a)-(i) . In addition, the expected extinction coefficient with constant A = 1 in the aerosol size distribution as a function of the variable parameter is also presented in these figures. From the plotted curves it can be seen that, although the uncertainty of aerosol composition and the values of r and r 2 may affect the value R, in general it is not sensitive to these parameters, especially for large values of R but is is very sensitive to the value of the variable parameter. Consequently, the experimental value R can be used to estimate the value of the varied parameter in the assumed analytical expression even without prior knowledge of the composition and size range of the aerosol particles responsible for the extinction of solar radiations at these two wavelengths. Once the value of the variable parameter is determined, the expected extinction coefficient with constant A = 1 can be determined from the same figure.
The value A governing the aerosol number concentration can then be easily calculated by taking the ratio of the measured 01.o to the expected extinction coefficient determined previously.
The plotted curves presented in Figs. 1(a)-(i) can be utilized to quickly estimate the aerosol size distribution from experimental results of 1.0 and 0.45. The uncertainty produced by aerosol composition and the values of r 1 and r 2 can also be estimated from the presented curves.
Recently, Hofmann and Rosen 1 3 used a specially designed large particle counter to measure concentrations of particles with radii between 1 and 2 gim. Their results indicated that, although the concentration of smaller particles can be fitted with a lognormal curve, the concentrations of these particles with radii >0.95 gim are much larger than that suggested by the lognormal fitting of smaller particles. To study the effect of this table it can be seen that the presence of large particles in the stratosphere will decrease the extinction ratio by a value <15%, and the estimated mode radius will be increased by a value less than -17%. A recent report by Deepak et al. 2 0 has shown that the presence of these larger particles can increase the backscatter at CO 2 wavelength (N = 10.6 gim) by more than 1 order of magnitude. In comparison, the presence of larger particles in the stratosphere has a much more significant effect on the backscatter at CO 2 wavelength than on the aerosol extinctions and inferred mode radii from satellite measurements at visible and near-infrared wavelengths.
It should be noted that the proposed technique is as discussed previously. It is possible to deduce the properties of larger aerosols by measuring the aerosol extinction at one or two additional wavelengths. Such possibilities, as well as the possibility of using other measurement techniques including choosing wavelengths other than those used by SAGE in order to get optimum results, are currently under investigation and will be reported later. In the meantime we have demonstrated that this retrieval technique can be applied to obtain useful aerosol size distributions in the stratosphere from the available satellite experimental data.
